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Chapter 1 

Introduction 

Welcome to the Electromagnetic System Effects Database (EMSED), also called AIRBASE1. 

Throughout the rest of this manual we will refer to the system as AIRBASE, to avoid confu- 

sion. This manual is intended as a training guide for users not familiar with the AIRBASE 

database and its operating platform, the Macintosh computer (Mac). The objectives are to 

efficiently archive EMP test data and provide a useful signal processing and analysis tool for 

future EMP studies. 

The first chapter is an introduction to the hardware and software used for this program. 

This manual will guide the novice through the basics of the Mac operating system in Chapter 

2. The user will also acquire knowledge in the basics of the AIRBASE database, and learn 

how to search, retrieve, and analyze data. A basic tutorial of 4th Dimension is included 

in Chapter 3, and MATLAB starter is provided in Chapter 4. The complete structure and 

contents of AIRBASE are discussed in Chapter 5. 

The AIRBASE database was developed under a commercial product called 4th DIMEN- 

SION to minimize development and update costs, while retaining the power of a fully rela- 

tional database architecture. 

1.1     AERO 90 Phase II Objectives 

The AERO 90 Phase II program objective was to give the Defense Special Weapons Agency 

(DSWA) tools to perform data analysis of the objects in the AIRBASE database, as well 

AIRBASE is the original product developed for Field Command Defense Nuclear Agency (FCDNA) to 
support tests taken in the 1980s at Air Force Weapons Laboratory 



as add new test objects into the database in a consistent fashion.  Two copies of the High 

Altitude EMP system effects workstation will be delivered to DSWA upon completion of this 

project2. 
The AERO 90 Phase II program consists of three primary tasks.   These tasks are as 

follows: 

1..TRW will accept the High Altitude EMP Effects Database3 from Lawrence Livermore 

National Laboratory, and load this data into a Macintosh workstation in a format 

compatible with the AIRBASE-style. 

2. TRW will help train designated DNA project officers and contractors in the use of the 

database. 

3. Any software developed to implement database applications shall be documented in a 

user handbook. 

1.2     Computer Configuration 

The AERO 90 computer is a Macintosh workstation equipped with a relational database, a 

spreadsheet, signal processing software, a graphics package, a C programming package, and 

a viewgraph display generator. 

1.2.1      Hardware 

The Macintosh hardware is as follows: 

• Macintosh Ilfx 

- 40 MHz 68030 CPU with 68882 math coprocessor 

- 6 nubus expansion slots 

- SCSI (Small Computer System Interface) port 

- Printer port 

'The exact locations of these workstations is still to be determined, but as of the date of this publication, 
one of the workstations is located at the DASIAC (Department of Defense Nuclear Informatxon Analyse 
Center) facility in Alexandria, VA, and the other is scheduled to reside at headquarters DSWA 

developed in a joint effort between LLNL and DSWA 



- Modem port 

• 13" Apple color monitor 

• 8 bit Apple color graphics card 

• 650 Megabyte Rodime external hard drive 

• 210 Megabyte Rodime external hard drive 

• 44 Megabyte Mass Microsystems removable Syquest-type disk drive 

• Macintosh enhanced keyboard II 

• Macintosh 1-button mouse 

1.2.2      Software 

The AERO 90 software list is as follows: 

• Macintosh System 7 Software - operating system for the Macintosh 

• 4th DIMENSION 2.1 - relational database management system 

• Microsoft Word 4.0 - word processing package 

• Microsoft PowerPoint 2.1 - viewgraph creator 

• MATLAB 3.5 - digital signal processing and data analysis package 

• Canvas 3.0 - multi-purpose graphics package 

• WingZ 1.1 - spreadsheet and plotting package 

• Think C - programming language package 



Chapter 2 

Macintosh Fundamentals 

2.1    MACINTOSH BASICS 

The Macintosh computer was selected because it has an intuitive graphical user interface. 

This chapter is intended as a quick-start guide to operating the Macintosh, not a compre- 

hensive tutorial. The details and finer points of the operating system can be found in the 

Macintosh System reference manual [2]. 

2.1.1    Turning the Computer On and Off 

The ON button of a Macintosh Ilfx is located on keyboard near the upper right corner. Turn 

on the computer now. In a few seconds the screen display termed the desktop, similar to that 

shown in Figure 2.1 will appear. To turn off this computer select the Shutdown command 

from the Special menu. Menus and commands will be explained in the following sections. 

2.1.2     Mouse/Pointer Relationship 

All Macintosh computers are equipped with a one-button mouse. The mouse is an inseparable 

part of computer operation. To use a mouse, place it on a flat surface and move it around 

while viewing the monitor. Notice a pointer(see Figure 2.2) that moves on the monitor in 

conjunction with the movement of the mouse on a flat surface . 
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Figure 2.1: Macintosh Desktop - labelled 

Figure 2.2: Macintosh Pointer 



2.1.3 Mouse Clicking 

Position the pointer on the Aero-Applications icon (a small picture on the top right portion 

of the desktop), then depress and quickly release the mouse button. This term is referred 

to as a mouse click or a single-click. A double-click is two single-clicks performed rapidly in 

succession. 

To move icons another action with the mouse is used. Position the mouse on the 

Aero_Applications icon and press and hold the mouse button down. With the mouse button 

still depressed, drag the pointer to another part of the desktop. The Aero_Applications icon 

was moved and the action is referred to as dragging. Any icon can be moved in this fashion 

(try moving the Trash Can icon to a different part of the desktop). Now place the icons back 

in their original positions. For more detailed information on the use of the mouse, refer to 

reference [2, pp 2-6]. 

2.1.4 Special Keys 

Throughout this text we will be referring to three special keys for certain operations. They 

are all located horizontally in line with the "space" bar. The one labelled control is obviously 

the control key. Two such keys exist, both on the far left and far right of the standard 

keyboard. The next key is the option key. Finally, the command key is located on either 

side of the "space" bar. This key is marked by an apple with a bite taken out, as well as a 

"four-leaf clover" shape. 

2.1.5 Choosing Menu Commands 

The menu bar is located at the top of the Macintosh monitor (as shown in Figure 2.1). 

All applications contain a menu bar, but the functions contained in each may vary greatly. 

Three of the menus are consistent between all applications. These are the Apple menu, File 

menu, and Edit menu. The Apple menu (leftmost on the menu bar) stores desk accessories 

(explained later in this chapter). The File menu performs basic file operations (opening, 

closing, saving, quitting, etc.) The Edit menu contains the very useful Cut, Copy, Paste 

and Undo commands. 

A command can be chosen from a menu by performing actions similar to the following 

sequence of steps: 

1. Select the Aero_Applications icon by moving the pointer to the hard disk and single- 



clicking. The colors in the icon will now be inverted in appearance, or highlighted. If 

the window is already open, close it by clicking the "close box" in the top left title bar 

for the window shown in Figure 2.3. 

2. Move the mouse to the File menu, press and hold the mouse down. A list of commands 

that are available are shown under the menu. The ones that are active are solid black, 

while the inactive commands are grayed-out. 

3. With the mouse still depressed, choose Open from the list of commands by dragging 

the pointer down the list and releasing the button when the Open command appears 

as inverse video. The Aero_Applications Icon will open, displaying the contents of the 

hard disk (See Figure 2.3). 

BEHD-HPPllCBtlonS 
10  I tans IBT ME In disk 

O 
3.2 MB aual labla 

J0- 

Systan Füldar        {~*—\ Ccnprasslan 

Uord ProDOBslng 
I U  I 

(r>—1        Systan Füldar        p—| 

f~y—\             final us is             p—I DomLtiiecrliorw       p—i 

PrtijFSSring          p—j             drapM« p—j              lrstn\ I 

Da+ofacne             f^~~] lmge Process i no     p—j 

C3     ™"° D 
Utl lltlas 

Sus-ten    (6.Q5) disc 

Figure 2.3: Contents of Aero_Applications 

2.1.6    Manipulating a Window 

This topic refers to Figure 2.4. The more important features of a Macintosh window are 

discussed in this section. 

1. Move the mouse to the grow box of the open window; then press the mouse down and 

drag the grow box as you did with the icon earlier. This action varies the size of the 

window. 
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2. Now single-click on the zoom box. This modifies the size of the open window to display 

all of the icons visible in that folder, if possible. 

3. Click on the zoom box once more.  Note that the window reverts to its original size 

and placement. 

4. Now close the window by single-clicking on the close box. The window has been "put 

away". 

5. To reopen the window double-click on the Aero_Applications icon 

Take a moment to look over the menu bar, located at the top of the monitor. Apple 

menu items can be accessed from the Apple menu. Desk accessories are tools which can be 

run at any time, from within any application. The next two menus, File and Edit, contain 

standard apple interface commands homogeneous to most applications. These commands will 

be discussed later in this chapter. The two other menus, Label and Special, are available 

only in the finder mode of operation. Label allows the user to change the appearance of 

icons on the desktop. The Special menu is used to turn off the computer, "empty the trash", 



and clean up the desktop. Detailed information regarding windows is located in reference 

pp 14-18 Macref. 

2.1.7 Using An Apple Menu Item 

Move the pointer to the menu and hold down the mouse button. With the mouse button 

pressed, drag the pointer to one of the Apple menu items, the Calculator, and release the 

mouse button. The calculator should appear, and quick calculations using either the mouse or 

the keyboard can be performed. The calculator is one of several desk accessories in the apple 

menu items menu. These desk accessories can be thought of as mini applications. They will 

run concurrently with other applications, and they require very little RAM (random access 

memory) to operate. Try this with several desk accessories until you are familiar with the use 

of them. For more information on Apple menu items, refer to pp 69, 106, and 216 Macref. 

2.1.8 Balloon Help 

Balloon help is a useful tool for the novice. This tool, located at the top right portion of 

the desktop, can be activated at any time by selecting Show Balloons from the Balloon 

menu, as seen in Figure 2.5. Try turning it on, and moving around the desktop as discussed 

Rbout Balloon Help... 

Show Balloons 

Finder Shortcuts EBBS 

Figure 2.5: Accessing Balloon Help 

in the previous sections. Notice that when you move the pointer over certain "hot spots", a 

help balloon pops up and describes the functionality of the area. 

Some of the newest applications (Microsoft Word 5.0, for example) have built in balloon 

help. You certainly do not want to keep this help on all the time though, since it slows down 

the performance of the computer considerably. 



2.1.9    Launching an Application 

Applications may be launched several ways. One way is to select the application icon or file 

icon to launch (click once on the application icon) then choose Open from the File menu. 

An easier method to launch an application is to double-click on the icon. An application 

need not be launched directly, however. The user can also double-click on a file created by 

the parent application, which will launch the parent application and load the corresponding 

file into memory. 

2.2    RUNNING APPLICATIONS 

In this section, you will learn the basics of the TeachText text editor, creating and modifying 

files, and the cut and paste operations. Also, you will discover how to move about the work- 

station from within applications, editing and saving documents to your own user directory. 

A more formal discussion is presented in reference [2, Chapter 3]. 

2.2.1    Using Teachtext 

Teachtext is a rudimentary word processor. Follow these steps to learn the basics of this 

application. 

1. Find the application Teachtext. It should be located inside the folder called Word 

Processing. To open the Word Processing folder, position the mouse over the 

folder and double-click as shown in section 2.1.3. 

2. Double-click on the Teachtext icon to launch. An untitled document window will 

automatically be created, since the application was launched. A blinking vertical bar 

called the insertion bar will be located in the top left corner of the Untitled window. 

3. Start typing some text now, for example: 

The quick brown fox jumps over the lazy dog. 

4. Save this newly created document by choosing Save As... from the File menu. 

5. A dialog box will appear, as shown in Figure 2.6. Type in the name Testl, as shown 

in Figure 2.7, then click on the Save button. 

10 
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6. Now quit the program by choosing the Quit command from the File menu.  A new 

file, called Testl will appear in the Word Processing folder as shown in Figure 2.8. 
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Figure 2.8: Word Processing window now contains a new file, called Testl 

This file is located in the same folder as the parent application TeachText. Proper 

operating procedures call for each user to have a personal work area. You could create one 

now choosing the New Folder command in the File menu. Instead, however, you will 

create a new folder from within the application (described in the next section). 

2.2.2    The Clipboard 

The clipboard is an inherent part of the Macintosh operating system. The clipboard is a 

non-volatile portion of the memory of the Macintosh where text and pictures can be stored. 

The clipboard is accessed by cutting, copying, and pasting. These functions are demonstrated 

in the following steps: 

1. Launch Teachtext by double-clicking directly on the newly created file, Testl. 

2. Using the mouse, select a portion of the text. This operation is performed by placing 

the mouse pointer in the vicinity of the text to be selected, then using the click-and- 

drag technique described earlier. When a portion of text has been selected, the text 

will appear inverted (or highlighted) as shown in Figure 2.9. 

12 



Figure 2.9: Text inverted by pressing the mouse and dragging along text 

3. Release the mouse button and select Cut from the Edit menu. The text is removed. 

Actually, the text is stored in what is called the clipboard. 

4. Now place the insertion bar somewhere else in the text, and select Paste from the 

Edit menu. Notice that the contents of the clipboard are placed at the insertion bar. 

5. Select Paste again. Note that the contents of the clipboard have not changed, and 

the text is again inserted into the document. In fact, this text will remain there until 

replaced. 

6. Now select another portion of text. This time choose Copy from the Edit menu. The 

contents of the clipboard have been replaced by the new selection, but the text was 

not cut from the document. 

7. Place the insertion bar at the beginning of the document, and choose Paste from the 

Edit menu. The contents of the clipboard are now placed at the beginning of the 

document. 

8. Now quit the program by choosing Quit from the File menu. Since you have made 

changes to the document, but have not saved the changes, the application knows to 

interactively ask whether or not to save the changes just made, as shown in Figure 2.10. 

Choose Cancel from the dialog box. This would save the changes to your original file. 

Instead, select Save As from the File menu. 

9. The same dialog box appears as the first time you saved the document. Now you will 

create a new user folder. To do this, press and hold the mouse button down over the 

text that says "Word Processing". A pop-up menu will appear as shown in Figure 

2.11. Drag the pointer down the list until the "desktop" is highlighted. Drag the 

pointer down the list until the "desktop" is inverted. 

13 
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10. You are now at the top level (or "root" directory) of the desktop. If you select Save 

now, you will save the file directly on the desktop. Since the point is to make your own 

user area, double-click on the text labelled "AERO-Users" now. This will navigate you 

into that hard disk. 

11. Now press the button called New Folder in the dialog box. A dialog box asking you 

to name your new folder will appear. 

12. Give your user folder a meaningful name (We called ours "User_Kalim", and will refer 

to the working directory as such from now on. 

13. Click on the Create button to create the folder; then click on the Save button to save 

your data file to your newly created workspace. 

14. Now quit the program once again. Your file should be located in the Hard Disk called 

AERO .Users, in a folder that you have just created. Find the file now by double- 

clicking to open the appropriate folder. 

15. As a last exercise, restart the application by double-clicking on the Testl icon. 

16. Again choose Paste from the Edit menu. The contents of the clipboard are again 

pasted into the document. Note that the contents remained even after the application 

ended. These contents can be pasted in other applications. In fact, even turning off 

the computer does not clear the contents of the clipboard. 

2.2.3    Switching Between Applications 

The Macintosh is a multitasking environment which allows several applications to run con- 

currently, or in other words, perform background processing. In the upper right corner of 

the desktop, a miniature icon shown in Figure 2.12 can be seen. 

A number of applications can be running concurrently. The amount of RAM (Random 

Access Memory) and application sizes determine the maximum number of applications the 

user can run simultaneously. To see how much RAM is available, choose About this 

Macintosh... from the Apple menu when in the finder (you cannot do this from within an 

application, because each application customizes this space for its own logo. To demonstrate 

the idea of multitasking, follow the steps described below: 
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"Multifinder Icon 

Figure 2.12: Miniature icon showing what applications are running 

1. Launch the application Teachtext once again. Notice that a miniaturized version of 

the Teachtext icon appears in the top right portion of the monitor. 

2. Now position the pointer on the multifinder icon, click and hold, and select Finder. 

This will change the foreground application to the finder. Also note that the icon 

changes from that of the application to the Finder icon. From here the user can launch 

another application without disrupting Teachtext, which is already in use. 

3. From the Finder, launch PowerPoint. While the application is starting, the small 

icon in the top right corner of the desktop will change to a miniature PowerPoint 

icon. The window will change to generic PowerPoint untitled window. 

4. Switch from PowerPoint to TeachText by pressing the mouse button over the minia- 

ture PowerPoint icon and selecting Teachtext from the list of menu items. 

5. The cut/paste exercise we demonstrated in Section 2.2.2 has full functionality between 

applications. Type some text in the TeachText untitled window as before. 

6. Select the text by dragging the mouse across the text, and copy it by choosing Copy 

from the Edit menu. 

7. Switch applications as in step 2, only this time, switch to the PowerPoint program. 

8. Select Paste from the Edit menu. Note that the text has been pasted into the new 

document. Pictures and tables can also be pasted in this fashion. 

Working with several applications simultaneously is explained in greater detail in refer- 

ence [2, pp 72-78]. 
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2.2.4    Trash Can 

This section will show you how delete an item from the hard disk (never delete an item that 

is not yours). 

1. Go to your user folder on the AERO-Users hard disk. 

2.. Find the Testl file, and drag it into the trash can. You will know when it is actually in 

the trash can, and not just on top of it because the trash can will become highlighted. 

3. Now release the mouse. The trash can should "expand" as though it were full. This 

means the trash is not empty. You can recover the data from here simply by clicking 

on the trash can and dragging your file out of the trash. 

4. To empty the trash (non-recoverable) select Empty Trash from the Special menu. 

2.3     Summary 

This chapter was designed to familiarize an individual with the Macintosh.   These basic 

concepts should now be familiar. The user should be able to: 

• use the mouse 

• select items from the menus 

• use desk accessories 

• launch applications/documents 

• cut/copy/paste 

• trash 

Other topics that have not been discussed here but will be of interest as you become 

more familiar with the operating system are aliases, stationary pads, file finding, and file 

sharing, to name a few. These are not considered essential but are very useful and are found 

once again in reference [2]. 
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Chapter 3 

4th DIMENSION Fundamentals 

Databases are a very important tool in data analysis. The tools provided by a database 

allow us to manipulate, search through, and sort data to present the data in a format that 

is useful to the analyst. To be functional, a database must fulfill these requirements, and 

also be relatively straightforward in its implementation. 

This chapter is presented to acquaint the user with the use of 4th DIMENSION, a com- 

mercial database package developed by ACIUS software. After sampling many databases on 

various platforms, 4th DIMENSION was chosen for its flexibility and ease of use. Also, the 

program has the ability to import graphics, which may be included in future releases of the 

system effects database. 

The discussion presented here is not comprehensive, but should serve as a guideline for 

a novice to familiarize him with the application. More complete description can be found in 

references [5] and [6]. 

AIRBASE will be used to demonstrate the basic functions of the 4th DIMENSION ap- 

plication, but no knowledge of the AIRBASE concept is necessary for this demonstration. 

See Chapter 5 for a full description of the AIRBASE structure. To begin, double-click on 

the file Airbase or the file Airbase.data, both located in the Airbase directory on the 

AERO JDB volume. After launching the database, the environment you will be placed in 

will either be the User environment (see Figure 3.1), or the Design environment (see Figure 

3.2). When the application is launched, if you are in the Design environment, switch to the 

user environment by selecting User from the Use menu. 
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Figure 3.1: User Environment 

3.1     User Environment Overview 

The function of the User environment is to allow you to manipulate and view data. A 

complete set of tools allow the user to comprehensively search through and sort data, modify 

existing data sets (although AIRBASE philosophy stresses that the data should not be 

contaminated via user modifications), import and export data from/to other environments, 

and create reports.  The user environment (as shown in Figure 3.1) contains the following 

menus: 

• File 

• Edit 

• Use 

• Enter 

• Select 

• Report 
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• Special 

These menus can be customized, but that is beyond the scope of this text. Briefly, the 

aforementioned items will be discussed. 

3.1.1 File Menu 

The file menu contains all of the items necessary for file operations. These operations include: 

creating a new database, opening a pre-existing database, importing and exporting data in 

various formats, and changing the file or layout. 

3.1.2 Edit Menu 

The Edit menu contains the standard Macintosh editing commands that allow the user to 

cut/copy/paste, as well as other standard editing functions. 

3.1.3 Use Menu 

The Use menu allows the user to change between working environments. The environments 

in 4th DIMENSION are Design (see Section 3.2), User, and Runtime (a custom environment 

not implemented on AIRBASE). 

3.1.4 Enter Menu 

The Enter menu allows the user to enter and modify data. Again, users of AIRBASE should 

not perform these actions on the populated database, as this may lead to data corruption. 

3.1.5 Select Menu 

The Select menu allows the user to search through and sort data. In the analysis process, 

this menu will be very useful. 

3.1.6 Report Menu 

The Report menu contains menu items to create quick reports on the fly, generate labels, 

and perform simple graphing. 
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3.1.7    Special Menu 

The Special menu contains items that allows users to run user-created procedures (very 

important), and edit ASCII mapping (not pertinent to AIRBASE users). 

3.2     Design Environment Overview 

The Design environment allows the user to create and modify a database structure, design 

layouts for viewing in the User environment, and create complex reports. A full-featured 

layout editor that functions as a complete drawing program is included. A programming 

language that allows the user to completely control data, as well as link external procedures 

written in other languages, is also included, but will not be covered in this overview, due to 

the nature and complexity of the topic. Instead, the user who is interested in programming 

4th DIMENSION procedures is referred to reference [3, Chapter 6]. The design environment 

will look like Figure 3.2 when first entered. The menus found in the Design environment are 

as follows: 

• File 

• Edit 

• Use 

• Design 

• Structure 

The File, Edit, and Use menus will not be discussed here, as they are basically the same as 

those discussed in Section 3.1. The the Design and Structure menus will be described here. 

3.2.1    Design Menu 

The Design Menu contains virtually all of the useful items in the environment. 

• Structure - The default selection for the design menu is the structure. The structure 

displays the images of the files in the database and graphically shows relationships 

between files. The structure window allows the user to create files and fields in the 

database, specify field types and attributes, relate and modify file types, and set access 

privileges. 

22 



• Layout - The layout editor allows the user to create and modify a layout for display 

in the User environment. More detail of the Layout editor will be discussed in Section 

3.4. 

• Procedure - The procedure editor allows the user to generate programming instruc- 

tions that process the information contained in the database. The procedures can 

perform computations on files, transfer data between files, or control data as it is in- 

put. Procedures are particularly important when you want to create a stand-alone 

runtime application. Procedures are also relevant when you want to perform complex 

data manipulation, but are not essential for initial database queries, and therefore are 

not included in this basic tutorial. The design reference manual [3] is a comprehensive 

text that covers procedure generation. For AIRBASE, we have generated a necessary 

procedure and its use will be covered in Section 3.3.5. 

• Menus - The 4th DIMENSION menu bars are all customizable. For example, if you 

created a custom environment, you could make menu items for the user to perform 

basic query functions, making data access even easier. Unfortunately, versatility is 

lost when limiting the user to only certain functions. For this reason, we chose not 

to implement a custom environment for AIRBASE. Reference [3, Chapter 7] describes 

how to implement custom menus. 

• Passwords - Many levels of password protection are available in this program. They 

are not implemented in AIRBASE (yet) and will not be discussed in this document. 

For more information, we would refer you to [3, Chapter 8]. 

• Lists - A list is a set of possible values for a field. A list can provide the user with 

choices for data entry in a field, or perform quality control on data entry. Lists are not 

necessary for this application, as data is not manually entered into the database, but 

rather imported from a pre-existing spreadsheet. For more information, please refer to 

[3, Chapter 9]. 

3.3    User Environment - an Analyst's Perspective 

This section will provide the user with the knowledge necessary to navigate the user envi- 

ronment, perform simple database queries, and export information.  In 4th DIMENSION, 
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information is stored in files. Each file stores various information on a subject. For example, 

the Phase files describe the tests that were performed for a specific aircraft. The F18 phase 

table contains all the different test configurations used in the F18 test. Each file contains 

a number of fields. For example, the measurement tables contain information on each mea- 

surement shot, such as the type of probe used in the measurement, the type of measurement 

(skin current, voltage, etc.), the peak of the waveform, etc. These rudimentary descriptions 

are not meant to suffice for the AIRBASE data, but rather as examples of the terms "file" 

and "field".   For a detailed description on the exact contents of the AIRBASE database, 

refer to Chapter 5. 
The terms input and output will be used throughout this section. An input layout displays 

only one record at a time, and the data can be modified in this mode. Output layouts are 

meant for display purposes, and as much data as can be viewed is displayed. AIRBASE 

users will not be entering data into the database manually, so the input mode is not often 

used. 

3.3.1     Choosing Files and Layouts 

First and foremost, the user must be able to successfully navigate through the various files 

and layouts available to him, this will be discussed presently. If the appropriate layout does 

not exist, the user must create his own, as discussed in Section 3.4. 

When in the user environment, a file should appear. Changing files and layouts can be 

accomplished in two ways. The first method is as follows: 

1. choose Choose File/Layout... from the the File menu. The dialog box shown in 

Figure 3.3 will appear. 

2. Select a file by double-clicking a filename, located on the left side of the dialog box. 

4th DIMENSION will then expand a list of the layouts that belong to the file. If you 

inadvertently clicked on the wrong file, you can compress it by double-clicking on the 

filename again. This acts as a toggle between expanded and normal view. 

3. The current input and output layouts will be denoted by a symbol, either /for input, 

0 for output, or B for both. To change a view, select the desired layout and press the 

appropriate button, Input or Output to make these the active view. On the right 

side, a miniature view of the layout will be displayed. If this is the desired layout 

scheme, click on the Choose button, or press the RETURN key. 
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Figure 3.3: Dialog box of the Choose File/Layout... menu item. 

The second method for modifying a file/layout is to use the "List of Files" window, as 

shown in Figure 3.4 To use this method, follow these steps: 

1. If the "List of Files" window is not visible, hold down the Command key and press the 

Space bar, bringing it to the foreground. 

2. To switch files, click on the appropriate file in the window. 

3. To change to another layout, press the mouse on either the O or the I to the left of the 

file you are changing to, and after a few milliseconds, a pop-up menu appears. This 

menu displays the list of available layouts for the file. The underlined layout is the 

one presently selected. To change layouts, keep the button pressed while dragging the 

pointer up or down until the desired layout is inverted in appearance. 

4. To hide the window after selecting, press the key sequence command-space again, or 

position the mouse over the file window, and click once to make that window active. 

A more detailed description of files and layouts can be found in reference [5, Chapter 2]. 

3.3.2    Selecting Data 

To select a subset of the whole file, follow these steps: 
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Figure 3.4: "List of Files" Window 

26 



1. Click on the first record you want to select. 

2. To select a group of contiguous records beginning with the record you selected, hold 

down the Shift key and click on the last record you want to select. 

3. If you want to select multiple non-contiguous records, hold down the Shift key and 

click on the records you want to select. 

4. After you have selected all of the records of interest, choose Show Subset from the 

Select menu. This is called the current selection. To revert to the full display, choose 

Show All from the Select menu. 

3.3.3    Searching for Data 

Searching is one of the most common database operations. 4th DIMENSION provides several 

powerful tools to perform such searches. These include 

• Search Editor 

• Search by Layout 

• Search and Modify 

• Search by Formula 

• Searching via 4th DIMENSION'S procedural language 

Only the Search Editor method will be discussed here. This is enough for all but the most 

complex search operations. For explanation of the other methods, see reference [5, Chapter 

4]- 
Database queries (searches) are executed when you want to access a specific subset of 

records from the file. For example, you might search a measurement file for all records taken 

during test phase Ola. This is a subset of the entire file contents, called the current selection. 

Any search is performed by specifying search conditions. Search conditions are a set of 

instructions that tell the database which records to include in the new subset (the current 

selection). A search condition will always have three elements: the field name, comparison 

operator, and a value to compare with. The speed of this search depends on both the amount 

of data contained in the file, and more importantly, whether or not the search field has been 
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indexed.  An indexed field is an ordered field, which increases the amount of storage space 

required, but allows much faster access to the data contained therein. 

We indexed the fields that are most important in database queries, and these fields are 

easily distinguished from non-indexed fields, as shown in the following search example. This 

simple example searches the fl8.measure file for all records. 

1. Verify you are in the user environment (select User from the Use menu). 

2. First, we will investigate what phase_code = Ola really means. Switch to file 

fl8_phase. Recall that switching tables is described in Section 3.3.1. In the phase 

description field, you will notice that phase.code = Ola means "Data from this phase 

used for wire stress estimates". See Figure 3.5 for the layout. 
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Figure 3.5: F18 phase table, phase code = Ola is highlighted 

3. Now switch to file fl8_measure and choose the layout called all fields out.   This 

translates to "show all fields in this file". 
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4. Choose Search Editor... from the Select menu. A dialog box similar to that shown 

in Figure 3.6 will appear. 
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Figure 3.6: Search Editor dialog box for fl8 measurement file 

5. All the fields in the fl8_measure table are listed in the left column. All indexed fields 

are in bold-type (phase.code, tp, and shot.no are examples). You will now generate a 

simple data search that finds all records in the file that have a phase.code equal to Ola. 

First, choose phase.code from the left column (note that this is an indexed field, so 

the search will be very fast). Next, choose is equal to from the comparison column 

(middle column). Now in the Value area, type in the sequence Ola (note that the 

database search is not case sensitive, so 01A will also suffice). Finally, press the OK 

button, to start the search. A screen similar to Figure 3.7 should appear. 

To perform complex queries, simply combine sets of conditions with the "And", "Or", 

and "Except" qualifiers. Another way to generate a complex search is to perform a simple 

search resulting in a subset of all the records. Then perform another simple search with the 

Search in selection box checked. 
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Figure 3.7: Selection of records in fl8 measurement file with test phase code = Ola 
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3.3.4 Sorting Data 

You may want to view data in a particular order, so sorting the data is recommended. 

Sorting reorders data according to the values in the database. You may sort records on as 

many as 30 fields. You can specify ascending or descending order for each field selected, and 

you are allowed to sort by alphanumeric characters or numbers. This can be accomplished 

in several ways. In the user environment, you can use the Sort Selection... command or 

the Sort File... command. From the design environment, you can put sorting criteria in 

procedures (for more information on this method of sorting, consult reference [3, Chapter 6] 

on creating procedures). 

You can perform a temporary sort on the current selection by choosing Sort Selection... 

from the Select menu. This method of sorting is preferable to the alternative, Sort File... 

because the latter permanently sorts the contents of the entire file. 

As an example, suppose we want to perform a sort on the selection generated in Section 

3.3.3 in order of ascending Shot Number and Test Point. To sort the data follow these 

steps: 

1. Verify the current selection is the same as in Section 3.3.3. The selection should 

resemble Figure 3.7. 

2. Choose Sort Selection... from the Select menu. The sort editor, shown in Figure 

3.8, will appear. 

3. Notice that the left column contains all the fields of the measurement table. Choose 

shot_no and then tp from this list. This function performs the sort based primarily 

on the shot number, and then the test point. 

4. The default is an ascending sort, but this is easily changed by clicking the sort arrows 

to the right of the screen. Click on the arrow to the right of the tp sort parameter. 

The sort editor window should now look like Figure 3.9 

The previous steps are the same as the Sort File... command, but we advise against 

using the latter method of sorting, because it permanently modifies the data order. 

3.3.5 Executing Procedures - Decompressall 

AIRBASE waveforms are stored on the database in a compressed format. This data requires 

a procedure called Decompressall for decompression. The actual compression algorithm is 
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discussed in detail in reference [1, Appendix E]. 

Executing a procedure is similar to running a generic program in any programming 

language. The procedures may vary so greatly that all procedures must be considered in- 

dependently. This section describes the method used to execute a generic procedure, and 

specifically the procedure Decompressall. 
Decompressall is a procedure that decompresses waveform data in the current selection, 

exporting it to the hard disk in a format specified by the user. The waveforms are located 

only in the measurement files, so it is pointless to run the procedure if you are in any other 

file (phase, internal, or location files). This procedure is the only one that a user need to 

know. The other procedures contained in AIRBASE were created with specific analysis tasks 

in mind. These procedures were included in the deliverable version of AIRBASE only to give 

the user some examples of how to write procedures, and have no general-purpose value. 

In this example, you will decompress a few waveforms from the fl8 measurement table. 

These waveforms will be decompressed into "MATLAB-format". A binary data format di- 

rectly readable by the signal processing package, MATLAB. This example of Decompressall 

is outlined in the following steps: 

1. Switch to the fl8 measurement table. Select tp = AZP6 from the search editor 

(details of searching are described in Section 3.3.3). Two records should be listed after 

the search, as shown in Figure 3.10. 

2. Select Execute Procedure... from the Special menu. 4th DIMENSION displays 

the "Execute procedure..." dialog box as shown in Figure 3.11. 

3. Select the procedure Decompressall from the scrollable list. Click execute (or you 

may choose to simply double-click on the name of the procedure.) 

4. This procedure requires a few steps be taken during execution. The first dialog box 

will look like Figure 3.12. You must type the name of the file in which you are currently 

working. This tells the database from which file to decompress the waveforms. 

5. Next, a dialog box asking you where to store the data will appear. The default location 

(no entry) is the database directory itself. To select a different directory, type the full 

pathname (similar to DOS or UNIX, except the directory delimiter is ":" instead of a 

"\" or a "/". For example, if you want to put it on the AERO-Users hard disk, in a 

folder called "User_Kalim", you would type "AERO_Users:User_Kalim:". If you have 
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Figure 3.10: Result of search for all records with test point equal to AZP6 
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Figure 3.11: Execute Procedure Dialog Box 
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Figure 3.12: First dialog box of Decompressall 
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a personal directory on the workstation, type that path in now.   In Figure 3.13, my 

path was chosen. 

Output directory j 3,g. 5YS:Folder II 

HER0_U5erE:User_ Kalim: 

£ OK 1 1 Cancel 

Figure 3.13: Second dialog box of Decompressall, choosing my home directory 

6. Finally, a decompression format must be chosen.   The four options shown in Table 

3.1 are currently available.   The dialog box is the same as shown in Figure 3.14. 

Table 3.1: Data Decompression File Formats 

Option 

1 

Data Format 
header information and waveform in ASCII X-Y pairs 
header information and Autoregressive Coefficients 
header and AR coefficients and data in XY pairs 
Waveform in binary format compatible with MATLAB 

Farm 1 -Hdn-HV,2-Hdri-fiR,3-102, 4-MHT 

~l 4 

t- OK -4L DoneBI 

 ' 

Figure 3.14: Third dialog box of Decompressall, selecting decompression format. 

Enter "4" in the dialog box. The cursor will be replaced by a spinning wheel while the 
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decompression is taking place. Since only 2 waveforms are being decompressed, the 

delay will hardly be noticeable. Waveform decompression only takes approximately 

1.5 seconds per data file. 

Now switch to the finder. In whatever folder you chose for decompression (default is 

the AIRBASE folder), you will find two newly created files (if you are in "View by 

Icon" mode, the folder should look similar to Figure 3.15). We have fooled these files 

into thinking they were generated by MATLAB, so double-clicking on either of them 

has the effect of launching MATLAB and loading the data into MATLAB's internal 

work area. We will discuss MATLAB shortly (in Chapter 4) and you will perform some 

basic manipulations with these files, so don't forget where you put them! 

EC: UserJCallm 
3 Itais 177.2 re  In dick 17.Q MB DLIDI 

oseafflre.HP 

Q703BZra.HP 

<xmMPMmmrmmmmrtimrmmtHF\ 

it 

Figure 3.15: Newly created files in the UserJKalim folder 

3.3.6    Exporting Data 

The import/export utility provided by 4th DIMENSION provides an easy method of transfer- 

ring data to and from the database. In AIRBASE, we assume the user will not be importing 

any data, so only data exportation is discussed. Importing data is very similar, so these 

guidelines should be enough to perform both operations, but we must emphasize that data 

should only be imported to another database of your own design, not into AIRBASE proper. 

If more detailed information is required for your specific importing/exporting needs, refer to 

[5, Chapter 12]. 
Data can be exported from 4th DIMENSION so that it can be used in other applications 

such as spreadsheets, graphics packages, and word processors.   Data can be exported in 
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different file formats, such as 

• SYLK - SYymbolic LinK format. This format is used by some databases in the DOS 

world. 

• DIF - Data Interchange Format.   This format is readable by such spreadsheets as 

. Excel, LOTUS-123, etc. 

• Text - Text format is readable by most of today's spreadsheets, word processors, and 

graphics packages. It simply contains the ASCII data separated by field delimiters and 

record delimiters. The default field delimiter is ASCII code 9 (the "tab" character), 

and the default record delimiter is ASCII code 13 (the "carriage return" character). 

The user can change these to whatever delimiters he chooses, but for most packages 

this is not necessary. 

In this example, we will export all of the shot numbers, test points, and corresponding 

corrected peaks contained in the F18 Measurement file. To perform this task, follow these 

procedures: 

1. Select fl8_measure from the list of files or by choosing it from Choose File/Layout... 

in the the File menu. 

2. Select Export Data... from the File menu. The Export Data dialog box is shown 

in Figure 3.16. 

3. Enter a name for the file in the "Save As" area (I named the file "exported data from 

fl8"). Change the directory to your user area, if you have created one. Otherwise, 

save the data in the AIRBASE area. 

4. Select a file format for the data to be exported (Text format will suffice, which should 

be the default format). 

5. Click on the appropriate field names displayed in the bottom left corner of the dialog 

box. For this example, select shot_no, and click on the "Append" button. Next, click 

on tp and then "Append". Finally, scroll down the list until you find corr_pk, click 

on it to select it, and then click on the "Append" button once again. The dialog box 

should now look something like Figure 3.17. 
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Figure 3.16: Export Data dialog box for F18 measurement table 
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Figure 3.17: Dialog box after selecting shot number, test point, and corrected peak 
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6. Now click on the "Save" button. This will save all of the information you requested to 

the file name generated in the "Save as" area. This process will take a few minutes. 

7. Since the data is in text format, any word processor should be able to read it. Unfortu- 

nately, the text editor TeachText has a 32,767 byte size restriction. The application 

Microsoft Word, however, will read the data quite readily. The application Mi- 

crosoft Word should be located in the Word 5.0 directory in the Word Processing 

directory of the hard disk labelled AERO .Applications. Launch the program now. 

8. Select Open from the File menu. Find the data file you just created via the "Open" 

dialog box of Word. Open the file. The data file you opened should look like Figure 

3.18. Notice that each line of text contains a shot number, followed by a "tab", followed 

m   File   Edit   »lew   ins an   Format   Font   Tools   window 

E H p □ n e d-dat a_Tr om_n 8 
Imww "IQ li2~~IR      flTTTin  gRR FBI   m   g==j=^ 

F     i   .. p... i... p. ■ ■ i    .p.. ■ j. ■ .J*     j   ■ .ft -^ f 

1D30 0SOB 3528a 
1D31 030B 36012 
1032 0BOB 36561 
ID« 030B ^D55D 
1D44 030B 1D588 
1D46 030B 1D421 
9666 HOSE 2919a 
9703 MOSE 31525 
9704 HOSE 32731 
9706 HDSE 31369 
9637 UTIP 3413a 
9B38 UTIP 3674S 
9639 UTIP 33432 
9663 UTIP 31657 
9696 TRIL 31937 
9696 THIL 31-170 
9702 THIL 29509 
1D98 TRLfl 1BI5Ö 
1D99 TRLfl 36+28 

Figure 3.18: Exported data file viewed in Microsoft Word 

by a test point, followed by a "tab", followed by a number (the corrected peak!). That's 

all there is to it. Now the data is ready to be imported to your favorite spreadsheet or 
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word processor. 

9. Quit the Microsoft Word applications. 

3.4    Layout Editor 

Layouts provide a "view" into the database. You use layouts to enter, modify, view and 

print information. This section describes the basics of creating a layout, by going through 

the process using an example. These are the steps required to create a layout. 

1. Verify that you are in the Design environment by selecting Design from the Use menu. 

2. To modify or create a layout, select Layout from the Design menu. A dialog box as 

shown in Figure 3.19 will appear. 
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Figure 3.19: Layout Dialog Box 

3. Now choose a file (select the file by clicking once on the name of the file) from the list of 

files located on the left side of the dialog box. For this example, choose ecc_measure. 

Next click on the New button in the center of the dialog box. 
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4. Another window, similar to the one shown in Figure 3.20 will be displayed. This dialog 

box allows you to create a new layout, and provides a list of the fields and files in the 

database. Any field from any file can be displayed in a layout. Different ways of 

viewing the data can be selected from the right side of the display, and the font size 

can also be changed. The top row of layouts is generally considered appropriate for 

output (display purposes, as opposed to input, where you enter new data). 

New layout for BCC-measure 

SBlBct fields: 
Font size: X . Z    -  . Q 12 point 

^UQt^gtg^^mmHmmm          ■,--, 
carrflg :0m. 

orient w 
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shut-no $ mdjkc_lypd ' i 
vnlirn» b 
carr_fk SS 
tttaqrztar 
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shot-date 
anvt-uri-tovl 1 
ani/_J»i/al ti- 

CusTon 

Layout Nome: 

E3 Enterable related fields 

EHDBnd   ]    f Select J        [   Cancel   j   [       DK       ] 

Figure 3.20: Selection of fields to include in ecc_measure dialog 

5. Next, select a few fields from the left column by selecting the item, and then clicking on 

the Select button. Select phase.code, shot_no, tp, and corr_pk in that order. You 

may have to scroll down the list to find all of the fields. Notice that after you select 

each one, a number representing the order you selected the fields is displayed to the 

right of the selected field. If you make a mistake and select the wrong field, deselect it 

by simply clicking once on the field and pressing the Select button again. This button 

acts as a toggle for field selection. Note that if you do not select any fields, the layout 

will contain all the fields. 

6. Now change the format to an output layout by choosing the top left format from the 

nine available choices. Change the name of the layout if you'd like, and finally click on 
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the OK button. 

7. A layout like the one shown in Figure 3.21 will now be displayed. Since this lay- 

out is good enough for display purposes, close this window and switch to the User 

environment. 
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Figure 3.21: Newly created layout for eccjneasure 

8. Switch to the appropriate file and layout by pressing the command-space key se- 

quence, then selecting your layout from the various eccmeasure choices. 
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Chapter 4 

Introduction to MATLAB 

MATLAB is an acronym for MATrix LABoratory. MATLAB is an interactive software 

package with applications in the scientific community. The package integrates numerical 

analysis, matrix computations, signal processing, and graphics in an easy-to-use environment. 

Other benefits of using MATLAB include the inter-platform similarity. The commands 

you will learn for MACII-MATLAB version are virtually identical to those used on the 

many other operating where MATLAB can be found. These include but are not limited 

to: VAX/VMS, MS-DOS, MS-Windows, UNIX platforms (Sun, HP, VAX/Ultrix, etc.) and 

CRAY. Another benefit is that data files and script files created by the user on any of these 

platforms can be easily ported to the other systems! 

The Macintosh version of MATLAB takes advantage of the inherent capabilities of the 

operating system. MATLAB files may have one of several icons to represent them. Five of 

the more important icons are shown in Figure 4.1. 

script file 

H f'.pi 
function      [Q    lj Text  file 

mat I ab.mat 

Figure 4.1: Five common MATLAB icons: Application, Script file, Function, MAT-file, Text 
file 
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4.1     MATLAB Commands 

Two main windows always appear after the launch of MATLAB. The first is the Command 

window, where the user can type commands and view numerical results. The second is the 

Graphics window, where the user displays graphical output resulting from the manipulation 

and storage of data. MACII-MATLAB has Cut, Copy, and Paste, that work much like 

normal Macintosh applications. 

4.1.1    Terminology 

m   Hie   Edil   IJnrfcuiDce   H-file   FTTTHII   Hljnriam 

Figure 4.2: MATLAB command window immediately after launch 

To begin, let us first discuss the Command window. At first it will look similar to that 

shown in Figure 4.2. A prompt » is the line where information is typed. Try typing 

» x = 3 

now. MATLAB will print the result 

x = 

3 

which says that you have assigned the number 3 to the variable x. If you don't assign a 

variable to the output, MATLAB automatically puts the answer in a temporary variable 

called ans. For example, type 

»3 
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and MATLAB will return 

ans = 

3 

thus assigning the value 3 to the temporary variable ans. 

Certain variables are defined each time you start up the application. The variable pi is 

assigned the value 3.14159.... The variables i and j are assigned the value V=l. These 

variables can be reassigned during execution to anything you choose. Other variables which 

are defined are inf and NaN. These values are 5 and §, respectively. 

We can also assign a set of values (a vector) or a 2-dimensional set of values (a matrix) 

to a variable. These are examples of how to perform each. 

» x = [1 2 3] 

x = 

1 2 3 

» z = [1  2 3;   4 5 6;   7 8 9] 

z = 

1 2 3 

4 5 6 

7 8 9 

The space key when used in creating a vector or matrix means shift right one column, 

and the ; means shift down one column. Notice the use of [ and ] to define the matrix. This 

is usually necessary when defining a matrix containing more than 1 element. We will discuss 

when it is not necessary shortly. 

As these examples have shown, whenever you type a command in MATLAB, the results 

are displayed on the screen. Sometimes you will not want to see the results displayed on the 

screen (for example, if you create a matrix with values from 1 to 5000, you probably do not 

want to wait until MATLAB prints all the values out.) Screen output is suppressed via the 

; command terminating a statement. Do not confuse this with the previously discussed use 

of the semicolon-colon in matrix creation. Try typing 

» z =  [12 3 4]; 

MATLAB will still assign the values to a vector z, but rather than tell you it finished, it 

will simply return the » prompt. If you forget to end a statement by a ; you can interrupt 
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the display by pressing the control-c key sequence any time during display. The variable 

will still be assigned the value, but screen display will be suppressed. Note, if you hit the 

control-c sequence during calculation, the procedure will terminate. 

MATLAB has built-in complex arithmetic. As previously discussed, the variables i and 

j are initially set to the engineering unit, y/^1. Try typing 

» i 

ans = 

0 + l.OOOOi 

and 

» y = 2+3*i 

y = 
2.0000 + 3.0000i 

At times, you may only be interested in dealing with part of a vector or matrix. MATLAB 

indexes matrices starting with 1. For example, try 

» a =   [10 9 8 7] 

a = 

10 9 8 7 

» a(l) 

ans = 

10 

The first command generated a vector, while the second asked us to return the value in the 

first element of the a vector. For a vector, the general form to return the nth element of 

vector x is x(n). For matrices, to return the value of the element in the nth row and the 

mth column of matrix x use x(n,m). We will demonstrate here 

» c =   [1  2 3;   4 5 6] 

c = 

12 3 

4 5 6 

» c(2,3) 

ans = 

6 
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Another useful operator is the colon. You can use it to specify a range of numbers 

»x =  1:10 

x = 
123456789 10 

optionally, you can choose to give it a step size as follows 

» x = 0:.1:.5 

x = 

Columns  1 through 7 

0 0.1000 0.2000 0.3000 0.4000 0.5000 

The colon command is a very powerful operator; we will discuss more of its uses later. Note 

that the use of [ and ] are unnecessary in this instance. The command automatically puts 

them in for you. 

4.1.2 MATLAB Help Facility 

The help facility in MATLAB is quite good. It knows about every command available in 

the package. If you know the name of the command, simply type >> help commandname, 

and all of the online help for that command will be displayed on the screen. Sometimes, 

however, the user will not know what command he is looking for. Instead, he may have to 

look in the help index. The help index can be invoked by choosing About MATLAB... 

from the Apple menu. You will see a window like the one shown in Figure 4.3 and can 

navigate through the various MATLAB toolbox folders, until you find what you are looking 

for. MATLAB also allows you to put help in your own functions, which you will be creating 

later in this chapter. 

4.1.3 Basic Functions 

Some of the basic functions are described here. For more information on any of these 

functions, simply type >> help functionname. 

• ones(n,m) - this function will create an n row by m column matrix of ones. If only 

one argument, ones(n) is given, the result is a square matrix of n rows by n columns. 

• zeros(n,m) - same as ones, but fills matrix with zeroes. 
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Figure 4.3: MATLAB Help Window 

• max (x)  and min (x) - if x is a row or column vector, the result is the maximum/minimum 

value of the vector. If x is a matrix, the output is a row vector with maxima/minima 

of each column of data. 

• sum(x) - if x is a row or column vector, the result is the sum of all elements in the 

vector. If x is a matrix, the output is a row vector with sums of each column of data. 

• prod(x) - if x is a row or column vector, the result is the product of all elements in 

the vector. If x is a matrix, the output is a row vector with products of each column 

of data. 

• size(x) - returns the dimensions of x in a two element row vector. For example, if x 

contains 3 rows and 2 columns of data, the result of 

»  size(x) 

ans = 

3 2 

• length(x) - returns a scalar equal to the command   max(size(x)) 

• abs(x) - returns the absolute value of x. If x is a vector or a matrix, it returns the 

absolute value of every element in x. 

• phase(x) - returns, in radians, the angle of the complex number x. If x is real, 

phase(x) returns 0. If x is a matrix, it returns a matrix of phases. 
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• x' - returns the transpose of x. If x is complex, returns the hermitian (complex 

conjugate transpose) of x. 

• inv(x) - returns the inverse of x such that x * inv(x) is equal to the identity 

matrix with the same dimensions as x. Only works if x is a square matrix. In other 

cases, use   pinv(x), the pseudo-inverse. 

• ceil(x) and floor(x) - returns the next highest/lowest integer value of x. Same 

for matrices. 

• who and whos - displays the variables and optionally (whos) the sizes of each variable 

currently in memory. 

• exp(x)   ,   log(x),   loglO(x),   sin(x),   sqrt(x)   -in order of appearance: ex, loge{x) 

logw{x), sin(x), and y/x 

4.2     Arithmetic 

MATLAB employs a very straight-forward set of arithmetic rules, allowing a novice to per- 

form mathematical computations in the same fashion has he would intuitively. 

4.2.1     Scalar Arithmetic 

When working with scalars, the symbols "+","-", "*" , V" , and """ are the plus, minus, 

multiply, divide, and exponentiation operators. For example 

» a = 2 + 3 

a - 

5 

» a = 2 * 4 

a = 

8 

» a = 6 / 3 

a = 

2 

» a = 2 - 4 
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a = 

-2 

» a = 2  ~  3 

a = 

8 

In addition, when adding, subtracting, multiplying, or dividing a matrix by a scalar, these 

functions hold true. If x is a vector, than x + 1 results in adding one to each element. These 

operations do not, however, hold for the " operator. 

4.2.2    Vector Arithmetic 

When working with two vectors, or in general, two matrices, the operations performed by 

the symbols above are those normally found in matrix manipulation. An error message will 

result if you try to perform vector operations on matrices with improper sizes. For example: 

» a =   [1;2] 

a = 

1 

2 

» b =   [2;4] 

b = 

2 

4 

» a * b 

??? Error using ==> * 

Inner matrix dimensions must agree. 

However, the matrix operations will work just fine if the dimensions agree. In this example, 

we will transpose the b vector, thus allowing normal matrix operations to take place. 

» b = b' 

b = 

2 4 

>> a * b 

ans = 
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2 4 

4 8 

» b * a 

ans = 

10 

4.2.3    Element-wise Matrix Arithmetic 

Often, you will need to operate on two vectors or matrices in an element-wise fashion. In 

other words, you want to perform an operation on each element of two matrices. In this 

case the "+" and "-" keys work as expected. Matrix "multiplication" and "division" and 

"power of" are a bit different. If the same symbols were used, MATLAB would not be able 

to distinguish between matrix operations and element-wise operations. Instead, MATLAB 

uses the operators ".*", "./" and ".*" to denote element-wise operations. An easy way to 

remember these is to think of them as the dot operations such as dot-product. An example 

of the use of these operators is as follows: 

» a =  [1 2 3] 

a = 

12 3 

» b =   [ 4 5 6] 

b = 

4 5 6 

» a  .* b 

ans = 

4 10 18 

» a  ./ b 

ans = 

0.2500 0.4000 0.5000 

» a  ." b 

ans = 

1 32      729 

Some more complex commands incorporating the simple concepts we have learned so far 

are incorporated into this sequence of commands: 
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» n = 0:3 

n = 
0 12 3 

>> s = exp(j*(pi/2)*n) 

s = 

1.0000 0.0000  +  l.OOOOi     -1.0000  +  O.OOOOi     -0.0000  -  l.OOOOi 

This operation applied many of the tools we have learned so far. The vector n was used in 

the exponent of the exp function, resulting in 

e^,   n = 0,l,2,3 

4.3    Graphics 

MATLAB has built-in graphics. Data can be plotted in many ways such as linear, logarith- 

mic, semi-logarithmic, contour, mesh, and polar axes. Also, you can plot multiple plots on 

one graph, as well as multiple graphs on a page. The most basic of these plots is the plot () 

command. If you learn how to use this, the rest of the variations are easily done by reading 

the help file on these commands. 

4.3.1    Simple linear plots 

If x is a vector, plot(x) plots the elements of x against their indices. To try this, execute 

the following commands: 

» x = 0:.l:pi; 

» y = sin(x); 

You have just created a vector ranging from 0 to TT with increment of 0.2 and put the results 

in variable x. The next step takes the sine(x) and puts the results in y. Type plot(y). 

The results are displayed in Figure 4.4. Note that the values in y are the y-values plotted 

against their indices. Also note that the x-axis starts at 1, not 0. To return to the command 

window from the graphics window, simply press any key! 

To plot y versus x values, execute the command » plot(x,y). In general, if you pass 

the plot command two vectors, separated by a comma, the first vector is the x-axis, and the 

second vector is the y-axis. The results of this plot are shown in Figure 4.5. 
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Figure 4.4: Plot of sine(x) versus its indices 
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Figure 4.5: Plot of sine(x) versus x 
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Note: these vectors must have the same number of points, or an error will result. 

4.3.2     Multiple Plots on the Same Axis 

To plot more than one set of y values against the same x axis, create a matrix of the 

waveforms oriented in a column-wise fashion. For example, 

» x = 0:.l:2*pi; 

>> yl = sin(x); 

>> y2 = cos(x); 

» y = [yl' y2']; 

» plot(x,y) 

Notice that we transposed yl and y2 when creating the y matrix. See Figure 4.6 for results. 
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Figure 4.6: Plot of sin(x) and cos(x) on the same graph 
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4.3.3    Plotting Options 

A third allowable parameter in the plot command is plotting options. The format of the 

command will be plot (x, y, ' options') where the options can be any of those discussed 

in Table 4.1. These commands can be mixed and matched from the columns. You may have 

one option from each column of the table. 

Table 4.1: Plotting Options 
Option Command | Option Command Option Command 

solid 1 point • red r 

dashed 1 plus + green S 

dotted :            1 star * blue b 

dashdot 1 circle 0 white w 

x-mark X invisible l 

4.3.4 Plotting with Logarithmic Axes 

You can create plots with either or both axes changed to log-scale. These commands are 

loglogO (both axes logarithmic), semilogyO (y axis logarithmic), and semilogxO (x axis 

logarithmic). These commands use the same options as the plotO command. 

4.3.5 Labelling Graphs 

Three commands exist for this purpose. They are the title('text'), xlabeK'text'), 

and ylabel('text') commands. The text can be any text you like. For example, try 

typing   » titleC  This is a test')- 

4.3.6 Multiple Graphs on a Page 

The subplot(xyn) command will put graphics only in certain portion of the graphics win- 

dow. The fields xyn correspond to x is the number of vertical divisions, y is the number of 

horizontal divisions, and n must be less than or equal to x times y. For example, the com- 

mand » subplot (121) will create two full-height, half-width areas for graphs, and selected 

the first (left) area as active for the first graph. After that, unless you specifically indicate 
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which area is active, MATLAB will cycle through them with each successive plot. Typing 

» subplot without any arguments returns MATLAB to its original, single-area state. 

4.3.7    Miscellaneous Graphics Commands 

Some other useful miscellaneous graphics commands are listed in Table 4.2. For more infor- 

mation on these commands, type » help commandname in the command window. 

Tab 
Command 

axis 
clg 

contour 
grid 
hold 
mesh 
polar 
text 

.e 4.2: Some Graphics Commands 
Description 

either determines or returns axis values 

clears graphics window 
contour plot 
puts grid on graph 
holds the graph on screen (toggles on/off) 
3 dimensional mesh-surface plot 
plots using polar coordinates 
places text in graphics window 

4.4     MATLAB Interface 

MATLAB starts up in case-sensitive mode. If you type the command casesen MATLAB 

toggles to a case-insensitive mode. 

You can clear the command window with the command » clc (although MATLAB has 

actually just scrolled the screen up far enough to hide the previous work). No information is 

lost with this command. The command » clear actually clears all of the variables in the 

workspace. The command » clg clears the graphics window. 

The who command lets the user see all of the variables defined in the workspace, and the 

whos command displays the variables and, in addition, the size of each variable. 

The » save filename command will save all of the variables currently in memory to 

the file specified. To only save a selected subset of these variables, use the modified form: 

» save filename varl var2   ... 
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The quit command performs the same operation as choosing Quit from the File menu- 

the program terminates. 
Data sets, such as those saved via the » save filename command can be loaded in one 

of two ways. If you are in the same directory as the data set, typing » load filename loads 

the data set into memory. From anywhere, you can choose Load... from the Workspace 

menu. This will bring up the standard Macintosh Open File dialog box, and you can find 

your' data set. The data created from decompressing AIRBASE waveforms via MATLAB 

format is in the appropriate format to be directly read this way. For more information on 

waveform decompression, see Section 3.3.5. 

4.5    Signal Processing Commands 

In this section we will discuss some of the more popular signal processing commands. 

4.5.1 Convolution 

The first of these commands is convolution. This command is executed as follows: 

» z = conv(x,y) 

This command performs the discrete convolution of vector x with vector y. The analytical 

formula is a 

z{n + 1) = £ x{k + l)y{n - k) 
fc=o 

The length of the output vector z will be the length of x plus the length of y minus 1. 

4.5.2 Fourier Transform 

The command » X = fft(x) performs either the two-sided Discrete Fourier Transform 

(DFT) or Fast Fourier Transform(FFT) (optimized for certain data lengths), depending on 

the length of the vector x. The command » x = ifft(X) performs the corresponding 

inverse process. The equivalent discrete operations are as follows: 

^   , N    j2rkn 
X(k + l)=Y,x(n + l)e Hv~ 

n=0 
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and the corresponding Inverse Discrete Fourier Transform is 

iV fc=o 

where N is the length of the vector x. Note that the series is written in an unorthodox 

fashion, running over k + 1 and n + 1. This is because MATLAB runs vectors from 1 to N, 

instead of 0 to N — 1. 
' The f f t command utilizes the FFT if the length of x is a radix-2 number, and the DFT 

otherwise. In other words, if the length of x is some integer power of 2 (e.g. 2,4,8,..., 512, 

1024, 2048, ...) MATLAB performs an FFT. The DFT is much slower for numbers greater 

than 32, so a radix-2 number of points is desirable. 

You can pass the fft command an optional second parameter, fft(x,n), that tells the 

command to zero-pad the data sequence x to the length n if x has fewer than n points. If x 

has more than n points, the command will only perform the FFT of the first n points. 

The output of an FFT will, in general, be a complex sequence of points with the same 

length as x. We will use the FFT later in this chapter, during the discussion of waveform 

data from AIRBASE. 

4.5.3    Filtering Data 

Another MATLAB built-in function is called filter. This function is implemented as: 

» y = filter(b,   a,  x) 

The function filters data vector x through a filter defined by b and a digitally.  The time- 

domain representation of this filter is as follows: 

y(n)    =   b{l)x{n) + b{2)x{n - 1) + ■ ■ ■ + b{nb + l)x{n - nb) 

-a(2)y(n-l) a{na + l)y{n - no) 

The corresponding frequency domain (Z-transform) description is: 

_   b(l) + b(2)z-* + --- + b(nb1)z-»b v 

Y (z) - i + a(2)2-i + • • ■ + a{na + l)z~na 
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4.6 Polynomial Operations 

Vectors can also represent polynomials. If you want to represent an Nth-order polynomial, 

use a length N + 1 vector where the elements are the coefficients of the polynomial sorted 

in descending order of exponent. To define a polynomial with a description like 

y = 2a;3 + 3a;2 + Ix + 4 

you would enter » y =  [2314]. 

With a polynomial defined, two built-in MATLAB functions, roots and poly are useful. 

These functions do what you would expect (and more, but see reference [7, Chapter 3, p 

164] for more details). The command r = roots(y) returns the roots of the characteristic 

polynomial y. The command p = poly(r) returns the polynomial p described by roots r. 

The polynomial p may be off from the expected result by a scaling factor, if the coefficient 

of the highest order factor is not 1. 

4.7 AIRBASE Waveforms 

4.8 Creating MATLAB Functions and Scripts 

The apex of this introduction to MATLAB is to write functions and script files. Up to 

now, we have been executing MATLAB in a command driven mode. When a command is 

typed on the command (>>) line, it is executed immediately. MATLAB can also execute a 

series of commands that are stored in files. Disk files that contain one of these command 

sets are called M-files. On other platforms, MATLAB uses a ".m" extension on filenames to 

distinguish these files from other text files. On the Macintosh, this extension is not necessary. 

The differences between a script file and a function are subtle, to be sure. A script file is 

an M-file used to automate a long sequence of commands that would normally be performed 

sequentially on the command line. The benefit of putting the commands in a file are that 

you can easily modify the entire script without having to type and execute each command 

over again separately. Some people choose to think of a script file as a "macro". Also, the 

variables used inside a script file are the same ones as in the MATLAB workspace, and can 

be modified in the script. 

A function, on the other hand, is like the functions you have been running in MATLAB 
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(e.g. ones, fft, filter, poly, etc). You may pass an input parameter or set of pa- 

rameters to a function and the function may return some output parameter(s). In any case, 

while in the function, MATLAB does not have access to change or use any of the variables 

in your workspace. 

We will create new functions and script files in the following sections. 

4.8.1    Functions 

In this section, you will learn how to create, modify, and save MATLAB functions. Three 

examples are presented here to demonstrate that functions can return no values, one value, 

or more than one value. 

The MATLAB editor is very rudimentary (much like TeachText!). It does not allow 

you to change fonts, search for string occurrences, or include special characters. MATLAB 

programs are generally very terse, which keeps the M-files very small. The editor is more 

than adequate for this purpose. You can always choose, however, to write your code using 

another word processor, save the code in plain "text" format, then use MATLABs Convert 

Text to M-file command in the File menu. 

Follow these steps to create a MATLAB function returning no values. This function will 

allow you to pass it a single number. From this number, it will generate a random sequence 

the length of which is determined by the number you passed. Finally, it will plot the random 

sequence, and give it a meaningless title! 

1. Select New from the File menu. A new "Untitled" window will appear. This is the 

MATLAB edit window. 

2. In the "Untitled" window, type the text as below. Note that all text after the */, is only 

there for commenting purposes, and not necessary for the operation of the function. 

function randplot(t) 

% plots t random numbers 

x = rand(t.i);     */. makes a t-row by 1-column random vector 

plot(x) 

title('meaningless title') 

3. Choose Save As... from the File menu. A dialog asking you where to save the file will 

appear. Notice the "Save As" area has already defaulted to your filename (randplot). 
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Maneuver through the hard disk to your own work area, and then press the Save 

button. 

4. Now, position the mouse pointer in the command window and click once to make the 

command window active. Hint: the cursor should be blinking in the command window! 

5. Type the command » randplot(20). A screen similar to Figure 4.7 should appear. 

10 12 14 16 18 20 

ja 

Figure 4.7: Result of randplot(20) 

6. On a side note, any commented lines in the function (lines beginning with a %) that 

come before the first line of actual code are used for the help command. Try typing 

» help randplot now. 

A second function, fact, will return the factorial of any number you pass it. For example, 

if you type fact(5) the command will calculate 5*4*3*2*1. This is almost a trivial 

problem, and can be solved a number of ways. Here is one way: 

1. Create a new M-file as in the previous example. 

2. Type the text exactly as below (commented lines not necessary, of course) 

63 



function y = fact(n) 

*/. this function computes the factorial of n 

y = l; 

for i = 2:n 

y = y*i; 

end 

3. Save the file in the same fashion as you did earlier. 

4. Try it with a few values! 

» a = fact(4) 

a = 

24 

» b = fact(10) 

b = 

3628800 

» c = fact(20) 

c = 

2.4329e+18 

» fact(12) 

ans = 

479001600 

5. Note that if you don't assign the returned value, it puts it in the temporary variable 

ans just as you would expect. 

The next function will has two return values. You pass it a parameter, just as the last 

two examples. Again, this is almost a trivial example, but it demonstrates at least two 

important concepts. 

1. As in the previous examples, create a new "Untitled" window. 

2. Type the routine as below: 

function  [x,y]   = factgauss(n) 
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y, This function returns factorial of n in x 

'/, Also returns the sum of  1 to n using 

*/, gauss'  method of determination 

x = fact(n); */. note,  calling another function 

y = n*(n+l)/2;     '/. gauss figured this out  in grade school! 

3. First of all, notice that we computed x by calling the old program fact. It is natural 

in MATLAB to call one function from another function.1 

4. Now, let's run this function in several ways ..., first 

» factgauss(5) 

ans = 

120 

5. next try ... 

»  a = factgauss(5) 

a = 

120 

6. and finally ... 

»   [a,b]   = factgauss(5) 

a = 

120 

b = 

15 

7. Notice that in the first two cases, only the factorial was returned. You must explicitly 

request multiple return values, or only the first value will be returned. Also, notice 

in the last one that when we request multiple return values, we must surround the 

variables by [ ], and separate them by a comma. 

iFor any programmer-types who may be reading this document, a note on recursion. Recursion is allowed, 
but not recommended. Deeply nested recursive loops cause MATLAB to crash! 
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4.8.2    Script Files 

Lastly, we will create a simple script file. This script generates the fibonacci numbers between 

1 and 1000, and then plots them on the screen. 

A bit of historical trivia on the Fibonacci numbers. Liber abaci, Leonardo of Pisa, known 

also as Fibonacci posed the rabbit problem. Rabbits obey the following law of breeding: 

"Every pair of rabbits (at least two months old) will produce one pair of rabbits as offspring 

every month." Fibonacci formulated the series: 

Fn = -F„_i + Fn-2 

where Fx = F2 = 1- This problem is solved quite easily with the following script file. 

1. In the command window, type » clear to clear the contents of MATLAB's workspace. 

Type » whos to verify no variables have been declared. 

2. Create a new "Untitled" window. 

3. Type the text as below: 

°/, This M-file calculates Fibonacci numbers 

f = [l l]; i = l; 

while f (i)  + f (i+D  <  1000 

f(i+2)  = f(i)  + f(i+D; 

i = i + 1; 

end 

plot(f) 

titleCfibonacci series') 

4. Save this file as fibonacci. Note the use of the while loop statement. MATLAB also 

has built-in for loops and if statements. For more information on these control flow 

statements, see reference [7]pp. 2-77 to 2-80 

5. Run the program by typing » fibonacci from the command window. This results 

in a plot similar to that shown in Figure 4.8. Notice that you passed no parameters 

and the script file returned no parameters. However, typing » whos now will show 

that two variables have been created in the workspace.   These variables are the same 
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as those created in the script file. The most important difference between functions 

and script files is the ability of script files to take advantage of MATLAB's ability to 

make use of workspace variables. 

Figure 4.8: Output of script file "fibonaccir 

4.9    MATLAB Search Paths 

You may be asking yourself "where does MATLAB look when I type a function name on 

the command line?" The default search order where MATLAB will search for a function or 

command is: 

• Is the command a variable in memory? 

• Is the command a built-in function? 

• Is the command a function in the present working folder? 

• Is the command a function in the MATLAB search path? 
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The MATLAB search path is modifiable, but it originally defaults to all the folders 

in the MATLAB directory. To find out what folders are set on your machine, select Set 

Path.. .from the M-file menu. A list of pathnames like the one shown in Figure 4.9 should 

appear. These paths may be modified to include alternate paths. For example, if you choose 

M-File search path: 

RERO_Rpplications:Rnalysis:Matlab 
3.5:Demonstrotions;REnO_flpplications:Rnalysis:Matl 

ab 
3.5:Emdat_ToolboH;flER0_flpplicetlens:Rnalysis:Matla 
b 3.5:ID_ToolbOH;HER0_flpplications:flnnlysis:Matlab 
3.5:Kalim's_ToolbOH;flER0_flpplications:flnelysis:Matl 
ab 3.5:L0R0 SflUE;flER0_RppMca1lons:Rnalysis:Mallab 
3.5:MRTlflB_ToolbOK;RER0-Rppllcatlons:RnBlysis:Matl 

Cancel fluto Set 

Figure 4.9: MATLAB Search Paths dialog box 

to include a working directory called My .Toolbox in your user directory (for example 

User _Kalim on the AERO-Users hard disk), add the path 

;AER0_Users:User.Kalim:My.Toolbox 

The ; separates your path from the other paths. 

4.10    AIRBASE Data 

In Section 3.3.5 we discussed decompression of AIRBASE waveforms. If you did not per- 

form decompression at that time, refer to that section and decompress a waveform now. If 

MATLAB is still running, quit the program, either by typing » quit from the command 

line or by selecting Quit from the File menu. 
After you decompressed a waveform, you should see its icon somewhere on the desktop 

(exactly where depends on where you chose to decompress), the default being in the AIR- 

BASE directory. Follow these procedures to learn a bit more about the AIRBASE waveforms. 

We will be performing some of the operations learned earlier in this chapter on real data. 

1. Double-click on a decompressed file (I chose 0560AZP6.HP for this example.) Notice 

that even though the file was created with 4th DIMENSION, the "double-click" op- 

eration has the effect of launching MATLAB. This is a feature of the decompression 
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routine. The data is now loaded into the MATLAB workspace just as though it was 

previously saved by MATLAB as a MAT-file. 

2. Type » whos on the command line. The variables corresponding to Table 4.3 should 

be displayed along with their corresponding sizes.  The most important variables for 

Table 4.3: Standard Data Format after Decompression to MATLAB format 

Variable Name Description 

ar Autoregressive coefficients 

bindata Encoded residuals from compression algorithm 

header 23-byte header 

timdata Time axis 
variance Variance (scaling for reconstruction) 

ydata Reconstructed waveform 

an 

ence. 

alysis are the ydata and timdata variables (the header may be necessary for refer- 

3. Now plot the data using the command » plot (timdata,ydata). This plots the data 

versus its time axis (stored in the vector timdata). 

4. Next you will perform a Fourier Transform of the data. You could simply type the com- 

mand » Y = f f t (ydata) ; but if ydata has a length other than a radix-2 value (as ex- 

plained in Section 4.5.2) you will want to use the modified version of the command » Y 

= f f t (ydata.npts) where npts is first radix-2 value greater than the number of points 

in the waveform. You will recall that to determine the length of a vector, e.g. ydata, 

you type the command length(ydata). For example, in the file 0560AZP6.HP, 

ydata has 796 points, so the command would be » Y = fft (ydata, 1024) since 1024 

is the next radix-2 value. 

5. In general, Y will be complex. Usually, we are interested only in viewing the magnitude 

(although the phase has its uses as well). We can plot the resulting magnitude using the 

command » semilogy(abs(Y)) which plots the magnitude of Y against its indices. 

The corresponding output of my data file (0560AZP6.HP) is shown in Figure 4.10. 
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Figure 4.10: Frequency plot: 2-sided spectrum - 0560AZP6.HP 

6. Notice the symmetry. The first half of the plot is the positive frequency range from DC 

to F ,. followed by the maximum negative frequency component, -Fmax. The last 

point is the smallest negative frequency component. Since the positive and negative 

frequency components are conjugate symmetric by definition of the Fourier Transform 

of real data, we need only examine the first half of the data sequence. To plot this, 

type»  semilogy(abs(Y(l:512))) 

7. The first half of the data set is plotted, with frequency ranging from DC to Fmax. One 

last problem is still lingering, however. The x axis is only the indices, instead of the 

actual frequencies we want. In theory, if we know St (the sample interval of an evenly 

spaced data set), the maximum frequency is Fmax = j^-t 

8. A frequency axis can be generated many ways, and this is one of them. First off, we 

must find St. We know the entire time series, so we can just take the difference between 

two neighboring time points in the series as follows: 

» delT = timdata(2)  - timdata(l) 

delT = 
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2.0000e-09 

9. Fmax is easily derived via the command: 

» Fmax =  1 /   (2 * delT) 

Fmax = 

2.5000e+08 

10. The next step is to create a frequency axis ranging from 0 to 1 that has the appropriate 

number of points. We will do this so that we can next multiply this sequence by Fmax 

and thus range from 0 to Fmax. The two steps are as follows: 

» frequency =   (0:511)   ./ 512; 

>> frequency = frequency * Fmax; 

11. Finally, we will plot the data versus the proper axes, with the following command: 

» semilogy(frequency,  abs(Y(l:512))) 

This concludes the introduction to MATLAB. This was only meant as a brief introduc- 

tion, and is in no way a comprehensive guideline of the functionality of the program. People 

are discovering more uses for this package daily, and literature on the subject should be com- 

monly available. MATLAB is used widely in academia as well as in commercial industry, as 

many professionals are discovering the need to write their own routines in C and FORTRAN 

unnecessary and wasteful. 

The routines written by the MATLAB designers are functions, just like the ones you have 

learned to write. They are readable, and a great deal can be learned by perusing some of 

these codes. For example, take a look at the Hilbert transform routine some time ... 
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Chapter 5 

AIRBASE Data Format 

This chapter describes the format used in the AIRBASE database design. In all cases, the 

database contains the phase, location, internal and measurement files. The "core" set of files 

are the four mentioned above. 
The following sections describe the contents of each file type, and the associated field types 

and sizes. These summary tables (Tables 5.1 through 5.6) are taken from the AIRBASE Final 

Report [1, Appendix A]. 
The format is to give the file name, a description, then a list of the columns and their 

type and attributes, and finally a description of each individual column. Included under the 

"Type and Attribute" heading are key interrelations and indexing information. "Column 

Descriptions and Codes" includes a list of any codes and their meanings. 

5.1    Test Point Location Table. 

The location table gives physical locations of each test point of an assessment, sorted by test 

point. 

Column Descriptions and Codes: 

1. Test_pointJd 

. A four character alpha-numeric index associated with each physical location of a test 

point and measurement volume. 

• Code: none. 

2. volume .id 
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• A two character code giving the test volume. This field differentiates between internal 

(wire and bulk), external (skin), and free field. Beyond this, new codes may be added 

for POE and varying levels of shield enclosure. 

• Code-string    Description 

IN Internal measurement 

PO Internal POE 

EX External skin 

FF Free Field 

3. SubvolumeJd 

• For internal, external, and other aircraft associated test points, this six character 

mnemonic gives a rough location of a test point per the aircraft drawings. It can 

be used to compute distances in a rough manner also, but is most useful for binning 

results by aircraft section. For free field test points, this will distinguish between the 

various facilities. 

• Some codes for this field will be assessment specific since each aircraft is structured 

differently. The codes for the free field test points can be standardized. 

Code-string Description 

HPD HPD 
VPD VPD 
TRE TRESTLE 
CWV CW 
LNOSE Left hand nose 

RNOSE Right hand nose 

L2BAY Left hand #2 bay 

R2BAY Right hand #2 bay 

L3BAY Left hand #3 bay 

R3BAY Right hand #3 bay 

NOSWW Nose wheel well 

LFCOCK Left forward cockpit 

RFCOCK Right forward cockpit 

LACOCK Left hand aft cockpit 

RACOCK Right hand aft cockpit 

LLEEXT Left hand leading edge extension 
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RLEEXT Right hand leading edge extension 

LCNTFU Left hand center fuselage 

RCNTFU Right hand center fuselage 

LAFTFU Left hand aft fuselage and fin 

RAFTFU Right hand aft fuselage and fin 

LYING Left hand wing 

RWING Right hand wing 

WPYLON Wing pylon 

CPYLON Centerline pylon 

MISC Miscellaneous multiple use items 

4. X 

• For internal, external, and other aircraft associated test points this corresponds to 

station. For free field test points this is x on the facility grid. 

• Code: none. 

5.   Y 

. For internal, external, and other aircraft associated test points this corresponds to 

waterline. For free field test points this is y on the facility grid. 

• Code None. 

6. Z 

. For internal, external, and other aircraft associated test points this corresponds to 

buttockline. For free field test points this is z on the facility grid. 

• Code None. 

7. Location-remarks 

• Remarks concerning the location. 

• Code None. 
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Table 5.1: Table Location: Columns and Attributes. 

Column Name Type Attributes 

test_point_id CHAR( 4 ) NOT NULL, primary key 

volume_id CHAR( 2 ) NOT NULL 
subvolumeJd CHAR( 6 ) 
X NUMBER 

y NUMBER 
z NUMBER 
location_remarks CHAR( 40 ) 
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5.2    Test Phase Table 

The test phase table gives information about each test phase. The test phase is a unified seg- 

ment of the test which has the same experiment, configuration, orientation, etc. That is, the 

test item is physically unperturbed throughout a phase, and the purpose of testing remains 

constant. For some assessments, it may be necessary to create new experiment numbers 

(e.g., for field mapping on F/A-18) which were not present in the original assessment. 

Table 5.2: Test Phase Table: Columns and Attributes. 

Column Name 
phase.code 
experiment 
configuration-code 
orientation_code 
facility .code 
facility 
phase-position 
phase.power 
phase-name 
phase-description 
object_orientation 
object-mode 
object-position-X 
object-position-y 
object_position_2 
pulserJd 
stores 
phase-remarks 

Type 
CHAR( 3 ) 
CHAR( 2 ) 
CHAR(3) 
CHAR(2) 
CHAR( 2 
CHAR( 2 
CHAR( 1 
CHAR( 1 

Attributes 
NOT NULL, primary key 

CHAR( 16 ) 
CHAR( 80 ) 
NUMBER 
CHAR( 2 
NUMBER 
NUMBER 
NUMBER 
CHAR( 6 ) 
CHAR( 2 ) 
CHAR( 40 

Column Descriptions and Codes: 

1. Phase_code 

• This three character field indicates a unique combination of experiment, configuration, 

orientation, etc. It reflects the test design. It is primary key of the phase table and a 

foreign key of the measurements table. The first two characters represent the (assess- 

ment specific) experiment number, which can be used to reference test documents or 

an AIRBASE help text file. The last character represents variations which occurred 

within the experiment starting with "a", and going to "z". 
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• Code None. 

2. Experiment 

• The two character experiment corresponds to the experiments found in the pretest and 

post-test documentation. 

• Code None. 

3. Configuration.code 

• This is the original three character configuration code used on the test and stored in 

the header. 

• Code Test Specific. 

4. Orientation^code 

• This is the original two character orientation code used on the test and stored in the 

header. 

• Code Test Specific. 

5. Facility-code 

• This is the original two character facility code used on the test and stored in the header. 

It was unique to each aircraft. 

• Code Test Specific. 

6. Facility 

• This indicates the facility for a phase. 

• Code-string    Description 

HP HPD 

VP VPD 

TR TRESTLE 

CW Continuous wave 

7. Phase-position 

• Phase position refers to whether the aircraft was on or off the test stand. 
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• Code-string    Description 

0 On ground 

1 On test stand 

8. Phase.power 

• Indicates whether power on or off during the phase.  Further details as to how power 

was applied are reserved for phase-description. 

• Code-string    Description 

0 Power off 

1 Power on 

9. Phase-name 

• Optional field for identifying phase. 

• Code None. 

10. Phase-description 

• Field for describing phase. 

• Code None. 

11. Object-orientation 

• Gives the angle between the aircraft longitudinal axis, taken to be positive towards the 

nose, and the facility grid z axis in a counterclockwise direction. This forms a standard 

right handed coordinate system (rotate z into x giving y as the vertical). For HPD, the 

z axis points along the access road away from the pulser, with the x axis parallel to the 

polarization vector pointing west. For VPD, z points away from the pulser, as is the 

case for TRESTLE. 

• Code None. 

12. Object-mode 

• Indicates the mission phase for the aircraft which the particular phase and experiment 

are trying to simulate. 

78 



• Code_string    Description 

GA Ground Alert 

CA Carrier Alert 

TX Taxi 

TO Takeoff 

CR Cruise 

FU In Flight Refuel 

AT Attack 

SP Storm penetration 

13. Object-position-X 

• Location of a precisely defined point on the test item along facility x-axis, in meters. 

• Code None. 

14. ObjecLposition-y 

• Location of a precisely defined point on the test item along facility y-axis, in meters. 

• Code None. 

15. Object-position-z 

• Location of a precisely defined point on the test item along facility z-axis, in meters. 

• Code None. 

16. PulserJd 

• Six character acronym for the pulser used for the test. 

• Code-string    Description 

HAGIIC AFWL's HAG-IIC pulser 

17. Stores 

• Indicates the number and type of stores attached for a particular phase. 

• Codes will be assessment specific in many cases. However, some of the more common 

ones will be standardized. 
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Code-string Description 

00 No stores attached. 

01 Fully loaded, conventional. 

02 Fully loaded, conventional and nuclear mix. 

04 Outer stores only. 

05 Inner stores only. 

11 F/A-18A B-61 weapons configuration. 

18. Phase.remarks 

• Indicates success or failure of experiment, whether it was an add on, etc. 

• Code None. 
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5.3    Internal Test Point Description Table 

The internal test point descriptions table gives information on internal test points that are 

associated with aircraft hardware. Descriptions of the hardware are specific, but a few 

general columns like "entity.code" divvy up the wire types into three broad categories for 

binning studies. 

Table 5.3: Internal test point description table. 

Column Name Type Attributes 

test_point_id CHAR( 4 ) NOT NULL, primary key, 
foreign key from Table Location. 

measured-entity CHAR( 2 ) 
test-point-configuration CHAR( 2 ) 
number-wires_measured NUMBER 
wireJd CHAR( 15 ) 
entity-code CHAR( 1 ) 
subsystem CHAR( 3 ) 
subsystem-number CHAR( 12 ) 
entity-function CHAR( 3 ) 
entity Jength NUMBER 
number-of_branch.es NUMBER 
number-oLsegments NUMBER 
lrujiame CHAR( 20 ) 
lru_equipment_id CHAR( 10 ) 
lru-military-pn CHAR( 10 ) 
lru_manufacturer_pn CHAR( 20 ) 
lru_manufacturer CHAR( 20 ) 
lru_relationship CHAR( 2 ) 
lru.connector.pJd CHAR( 10 ) 
lru-connector_j-id CHAR( 10 ) 
lru.connector-part-id CHAR( 20 ) 
lru-pin_id CHAR( 4 ) 
number.of.pins NUMBER 
lru2.equipment.id CHAR( 10 ) 
lru2.relationship CHAR( 2 ) 
lru2.connector.pad CHAR( 10 ) 
lru2_connector_j Jd CHAR( 10 ) 
lru2_pin_id CHAR( 4 ) 
impedance_real NUMBER 
impedance Jmag NUMBER 
internal-remarks CHAR( 40 ) 
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Column Descriptions and Codes: 

1. Test_pointJd 

• A four character alpha-numeric index associated with each physical location of a test 

point and measurement volume. 

• Code None. 

2. Measured-entity 

• Wire, coax center conductor, twisted pair, etc. 

• CodejBtring    Description 

01 Single wire, unshielded 

02 Single wire, shielded 

03 Twisted pair, unshielded 

04 Twisted pair, shielded 

05 Twisted triple, unshielded 

06 Twisted triple, shielded 

07 Coax 

08 Twinax 

09 Triax 

10 Multi-conductor, unshielded 

11 Multi-conductor, shielded 

3. Test-poinLconfiguration 

• What the measured entity is a part of. Uses the same codes as measured.entity. E.g., 

if the test point was a single unshielded wire protruding from a twisted shielded pair, 

the measured-entity would be 01 while the configuration would be 04. 

• Code-string    Description 

01 Single wire, unshielded 

02 Single wire, shielded 

03 Twisted pair, unshielded 

04 Twisted pair, shielded 

05 Twisted triple, unshielded 

06 Twisted triple, shielded 

07 Coax 
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08 Twinax 

09 Triax 

10 Multi-conductor, unshielded 

11 Multi-conductor, shielded 

4. Number.wires.measured 

• Gives number of wires in multi-conductor group which are being measured. 

• Code None. 

5. WireJd 

• Wire identifier per test item wiring diagrams. 

• Code None. 

6. Entity-code 

• Gives a general indication of the type of entity measured. Inferred from wiring diagrams 

using definition of a cable from MIL-5088J. 

• Code-string    Description 

M Multiconductor group. Applies 

to several wires or cables not 

within the same jacketing within 

the vicinity of the test point. 

C Cable. Applies to several wire 

wires or groups of wires which 

are within the same jacket in 

the vicinity of the test point. 

W Wire. A conductor which carries 

a single signal; e.g., a twisted 

pair or coax, or a single wire. 

7. subsystem 

• Indicates subsystem with which the test point is associated. 

• Many codes will be assessment specific.  However, some can be standardized and are 

given below. 
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Code-string    Description 

ARM Armament 

COM Communications 

UHF UHF Radio 

RDR Radar 

CON Control surfaces 

ENG Engine control 

DC DC power 

AC AC power 

FUE Fuel 

IGN Ignition 

ENV Environmental (heating, etc.) 

8. subsystem-number 

• Part number for subsystem, e.g. AN/ARC-164 for UHF. 

• Code None. 

9. Entity-function 

• Gives a broad category for the type of signal which the entity carries. 

Code^tring    Description 

PWR Power 

GND Ground or return 

MIX Mixed 

ANA Analog signal 

ANT Antenna 

DGD Digital data signal 

DGC Digital control signal 

10. Entity-length 

• Gives an exact or estimated length of the entity as obtained from wiring diagrams. 

Individual wires usually have exact lengths associated with them, while cables (bulks) 

usually are associated with average lengths. 
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• Code None. 

11. Number-of-branches 

• Indicates number of branches from the entity. 

• Code None. 

12.. Number.of.segments 

• Indicates number of connector-to-connector segments along the wire. 

• Code None. 

13. Irujname 

• Name of LRU (WRA) associated with test point (usually nearest one), e.g.   UHF 

receiver/transmitter. 

• Code None. 

14. lru-equipment-id 

• Reference designator for LRU. 

• Code None. 

15. lru-military-pn 

• Military part number for LRU, e.g. RT-1146/ARC-164. 

• Code None. 

16. Iru-manufacturer.pn 

• The manufacturer's part number for the specific piece of equipment, e.g. 706173-802. 

• Code None. 

17. Iru.manufacturer 

• Vendor's name, e.g. Magnavox. 

• Code None. 

18. Iru-relationship 

• Describes the location of the LRU of interest with respect to where the actual measure- 

ment was made. 
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Code-string    Description 

P Primary. Measurement made at 

LRU/connector interface. 

A Associated. Measurement made 

at LRU2. 

19. Iru-connector.pjd 

• Plug ID from wiring diagrams. 

• Code None. 

20. Iru-connector-jJd 

• Jack ID from LRU circuit diagrams. 

• Code None. 

21. Iru-connector-partJd 

. MIL part number from manufacturer's parts lists. If non-MIL part, use part number 

from manufacturer's parts list. 

• Code None. 

22. Iru-pinJd 

• ID of the particular pin being measured. 

• A few codes are necessary for those entities which are not single wire measurements. 

Code-string    Description 

BULK The entire connector response 

is to be measured. 

GRUP Only a group of pins is 

measured. The list of which 

pins are measured is given in 

the remarks. If the group is 

a particular signal type, the 

signal type can be garnered 

from entity Junction. 
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23. Number.of-pins 

• Number of pins in connector. 

• Code None. 

24. Lru2.equipmentJd 

• Equipment id for LRU2, the terminating (end of wire) or associated (alternate point of 

measurement) box. 

• Code None. 

25. Lru2.relationship 

• Describes the location of LRU2 with respect to where the actual measurement was 

made. 

• Code-String    Description 

T Terminating. End of wire 

makes contact at lru. 

A Associated. Measurement 

made at LRU2. 

26. Lru2.connector.pJd 

• Plug ID from wiring diagrams. 

• Code None. 

27. Lru2.connector.jJd 

• Jack ID from wiring diagrams. 

• Code None. 

28. Lru2-pinJd 

• ID of the particular pin being measured. 

• A few codes are necessary for those entities which are not single wire measurements. 

Code-string    Description 

BULK The entire connector response 

is to be measured. 
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GRUP Only a group of pins is 

measured. The list of which 

pins are measured is given in 

the remarks. If the group is 

a particular signal type, the 

signal type can be garnered 

from entity-function. 

29. Impedance.real 

. Estimated input impedance of interface circuit associated with the test point, real part. 

• Code None. 

30. ImpedanceJmag 

. Estimated input impedance of interface circuit associated with the test point, imaginary 

part. 

• Code None. 

31. Internal-remarks 

• Additional information about the internal test points. 

• Code None. 
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5.4    Measurement Record Description Table 

This table contains information on each data record from an assessment.   Note that data 

records which have been relegated to "BAD" quality status during the assessment are not 

included in this table; these will be retained only in tape archives. 

Column Descriptions and Codes: 

1. test_phase_code 

• This three character field indicates a unique combination of experiment, configuration, 

orientation, etc. It reflects the test design. It is primary key of the phase table and a 

foreign key of the measurements table. The first two characters represent the (assess- 

ment specific) experiment number, which can be used to reference test documents or 

an AIRBASE help text file. The last character represents variations which occurred 

within the experiment, and runs from "a" to "z". 

• Code None. 

2. SensorJd 

• A unique identifier associated with each probe for a given assessment. Used as index in 

Measurements Table for multiprobed test points. 

• Code None. 

3. Test_pointJd 

• A four character alpha-numeric index associated with each physical location of a test 

point and measurement volume. 

• Code None. 

4. Shot_number 

• Four digit number which indicates the facility shot number. 

• Code None. 
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Table 5.4: Measurement Description Table: Columns and Attributes. 

Column Name Type Attributes 

test_phase_code CHAR( 3 ) NOT NULL, composite primary key 
foreign key from table Phase. 

sensor Jd CHAR( 4 ) composite primary key, 
relates to probe ids in 
Calibration Data table. 

test_point_id CHAR( 4 ) NOT NULL, composite primary key 
foreign key from table Location 
and Internal. 

shot-number CHAR( 4 ) NOT NULL, composite primary key. 

facility CHAR( 2 ) NOT NULL 

measurement-type CHAR( 2 ) 
volume_id CHAR( 2 ) 
measurement-units CHAR( 10 ) 
integratorid/differentiatorjd CHAR( 4 ) 
data-link-id CHAR( 4 )■ 
filterid CHAR( 4 ) 
signaLconditioner.l CHAR( 4 ) 
signal_conditioner_2 CHAR( 4 ) 
signal_conditioner.3 CHAR( 4 ) 
signal_conditioner_4 CHAR( 4 ) 
total _raw _data_points NUMBER 
total-corrected_data_points NUMBER 
corrected_sample_rate NUMBER 
acquisition -instrumentation CHAR( 2 ) 
shot-time CHAR( 6 ) 
shot-date CHAR( 6 ) 
environmental .level NUMBER 
reference_rise_time NUMBER 
raw _peak_amplitude NUMBER 
corrected_peak_amplitude NUMBER 
corrected .impulse NUMBER 
corrected_action NUMBER 
corrected jectified NUMBER 
corrected-impulse.peak NUMBER 
corrected_max_rise NUMBER 
corrected .measurement-record TEXT 
measurement-remarks CHAR( 40 ) 
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5.  Facility 

• This indicates the facility for a test phase. 

• Code-string Description 

HP HPD 

VP VPD 

TR TRESTLE 

CW Continuous wave 

6. Measurement-type 

• Two character code to indicate the type of measurement made. For external and free 

field volumes, this differentiates between the H and E fields etc. For internals, the mea- 

surement type distinguishes between voltage or current measurements on a particular 

test point, and also discriminates among gross categories of measurement entities, such 

as bulk, wire signal or ground. More specific information along these lines can be found 

in Table Internal. 

• Code-string    Description 

SH Shield current 

IS Short circuit current 

IW Individual wire current 

IB Bulk current 

IG Ground current 

IC Coax center conductor current 

BO Bulk over shield 

CO Coax over shield 

VO Open circuit voltage 

VL Loaded voltage 

ZS Impedance, source 

ZL Impedance, load 

Bl X-polarized magnetic field 

B2 Y-polarized magnetic field 

B3 Z-polarized magnetic field 

B4 X-polarized derivative 

magnetic field 

B5 Y-polarized derivative 

91 



magnetic field 

B6 Z-polarized derivative 

magnetic field 

B7 XZ-polarized magnetic field 

B8 XZ-polarized derivative 

magnetic field 

El X-polarized electric field 

E2 Y-polarized electric field 

E3 Z-polarized electric field 

E4 X-polarized derivative 

electric field 

E5 Y-polarized derivative 

electric field 

E6 Z-polarized derivative 

electric field 

E7 XZ-polarized electric field 

E8 XZ-polarized derivative 

electric field 

Jl Axial surface current density 

J2 Circumferential surface 

current density 

J3 Derivative axial surface 

current density 

J4 Derivative circumferential 

surface current density 

Ql Surface charge density 

Q2 Derivative surface charge density 

IT RESERVED 

ID RESERVED 

NA Ambient noise 

NC Coherent noise (due to pulser) 

NS EGG ODS noise check 

7.  Volume-id 

• A two character code giving the test volume. This field differentiates between internal, 

92 



(wire and bulk), external (skin), and free field. Beyond this, new codes may be added 

for POE and varying levels of shield enclosure. 

• Code-string    Description 

IN Internal measurement 

PO Internal POE 

EX External skin 

FF Free Field 

8. Measurement-units 

• Units represented by the measurement record. 

• Code-string    Description 

VOLT Volts 

AMPS Amperes 

C/M2 Coulombs per square meter 

A/M Amperes per meter 

KV/M Kilo Volts per meter 

TESL Tesla 

OHMS Ohms 

F Farads 

H Henries 

DEGR Degrees 

RADN Radians 

KV/M/NS Kilovolts per meter 

per nanosecond 

RADS Rads silicon 

9. IntegratorJd/DifferentiatorJd 

• A unique identifier associated with each analog integrator, usually used for free field or 

external measurements. 

• Code None. 

10. Data Jink Jd 

• A unique identifier associated with each data link. 
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• Code None. 

11. FilterJd 

• A unique identifier associated with each analog filter used to roll off data for digitization. 

• Code None. 

12.- SignaLconditioner.l 

• A unique identifier for an additional signal conditioner. 

• Code None. 

13. SignaLconditioner.2 

• A unique identifier for an additional signal conditioner. 

• Code None. 

14. SignaLconditioner.3 

• A unique identifier for an additional signal conditioner. 

• Code None. 

15. Signal-conditioner^ 

A unique identifier for an additional signal conditioner. 

• Code None. 

16. Corrected.sample.rate 

• Sample rate associated with the corrected data, in nanoseconds (e.g. 2ns per point). 

• Code None. 

17. Acquisition-instrumentation 

• Indicates the type of data acquisition method that was used to capture the data. 

• Code-string    Description 

01 One Tek 7912 

02 Two Tek 7912s 

03 Three Tek 7912s 

04 Four Tek 7912s 
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10 200ms LeCroy 

11 One Tek 7912 and 

one 200ms LeCroy 

20 Network analyzer 

30 Peak Level Detector (PLR) 

18. Shot-time 

• Time of shot in military time (e.g.: 1400 is equivalent to 2:00 pm). 

• Code None. 

19. Shot-date 

• Date of shot in format DD-MMM-YY (e.g.: 12-FEB-85). 

• Code None. 

20. Environmental-level 

• Peak pulser amplitude for the shot, in Volts/Meter. 

• Code None. 

21. Reference-rise.time 

• Pulser rise time as measured by free field sensor. 

• Code None. 

22. TotaLraw-data-points 

• Total number of data points in the time-tied/uncorrected data record. 

• Code None. 

23. TotaLcorrected-data.points 

• Total number of data points in the corrected data record. 

• Code None. 

24. Raw-peak-amplitude 

• Time domain peak absolute value from uncorrected data record stored in AIRBASE in 

units indicated under measurement-units. 
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• Code None. 

25. Corrected.peak.amplitude 

• Time domain peak absolute value from corrected data record stored in AIRBASE in 

units indicated under measurement-units. 

• Code None. 

26. Corrected.impulse 

• Time integral of corrected waveform. 

• Code None. 

27. Corrected.action 

• Time integral of squared corrected waveform. 

• Code None. 

28. Corrected.rectified 

• Time integral of absolute value of corrected waveform. 

• Code None. 

29. CorrectedJmpulse.peak 

• Time integral of corrected waveform maximized with respect to upper time limit. 

• Code None. 

30. Corrected.max.rise 

• Maximum rate of change between adjacent time points for the corrected waveform. 

• Code None. 

31. Measurement-remarks 

• Includes any comments on the data record. 

• Code None. 

32. Corrected.measurement.record 

• Time domain record of corrected data in compressed format. 

• Code None. 
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